INTRODUCTION
Surgical treatment of midclavicular fractures is still controversial. 1 The principal treatment of closed fractures in the midshaft clavicle has long been nonoperative because of a good prognosis with few or no residual symptoms after the fracture has healed. [2] [3] [4] The incidence of nonunion is reportedly less than 1%. 5, 6 However, in previously cited literature, midclavicular fractures were not always adequately classified regarding fracture displacement and comminution. More recent articles with detailed classifications revealed a higher nonunion rate, ranging from 10 to 15% if the midclavicle fracture was displaced or comminuted. [7] [8] [9] [10] [11] Though some complications related to implants may occur, including infection, migration, implant failure, and prominent implant, some physicians had satisfactory results from surgical fixation for displaced or comminuted midclavicular fracture. [12] [13] [14] [15] The implants used for fixation of the clavicle include Kirschner wire, 2.7-mm ASIF plate, 3.5-mm reconstruction plate, intramedullary cancellous screws, or cannulated screws and Knowles pins. 7, [12] [13] [14] 16, 17 With advances in technique, cannulated screws and Knowles pins can be applied by close methods under fluoroscopy. 12, 14 To the best of our knowledge, the use of semitubular plates with 4.5-mm cortical screws and 6.5-mm cancellous screws for fixation of acute midclavicular fracture has not been reported. We hypothesized that open reduction and internal fixation with a semitubular plate would be beneficial for acute midclavicular fractures with displacement or comminution. The aim of this study is to describe the results of displaced or comminuted midclavicular fractures treated with a semitubular plate.
PATIENTS AND METHODS
The indications for surgical intervention for midclavicular fractures at our local community hospital have been the displacement of the bone more than 2 cm and/or the presence of fracture comminution. Comminution is defined as less than two thirds intact cortex in diameter. Under these indications, a retrospective study was conducted using records from May 1997 to July 2001. Records of all patients with acute nonpathologic fractures over the midshaft clavicle who underwent surgical management were included in this study group. Patients who had multiple shoulder girdle injury were not included. A total of 157 clavicle fractures in 157 patients were identified. All patients received operation within 24 hours after the initial visit. During the same period, we had about 137 patients with midshaft clavicular fracture treated nonoperatively. A total of 36 patients with 36 clavicles that were too small (diameter, ,15 mm) to receive semitubular plate fixation were excluded because the implants were too bulky for these patients. These patients were treated with a 2.7-mm ASIF plate. Ten patients who could not be contacted by telephone were lost to follow-up, yielding a 92% follow-up rate. Therefore the study is based on 111 clavicles in 111 patients. The patients' demographic characteristics were 83 men and 28 women ranging in age from 15 to 69 years (median, 30 years). The mean follow-up time was 3.5 years (range, 2.5 to 6). There were 46 right clavicles and 65 left clavicles. There were no open fractures in our series.
The operations were performed by the attending doctors in this hospital under general anesthesia with the patient in a supine position. We performed open reduction and internal fixation by a longitudinal incision parallel to the long axis of the clavicle and centered above the fracture along the superior border of the clavicle. The fractures were fixed with semitubular plates designed to be fitted with 4.5-mm cortical screws and 6.5-mm cancellous screws. Cerclage wire was used when there was comminution or inadequate fixation by screws. A total of 58 patients had comminution of their clavicle. If the fragment was too small to be tightened by wire, the fragment was not fixed and was just bridged by the plate alone. If the fragment was not too small, it was fixed by wire after the bridging plate was placed.
In total, we applied wire in 21 patients. In all instances, we hoped to obtain screw purchase of at lease 6 cortices on each side of the fracture. Augmentation wire was applied when the purchase of the screws was less than 6 cortices. Even though there were some severe comminutions, bone grafts were not applied. The plates were contoured by mild rotation at the junction of the middle third and distal third of the clavicle. The plates were placed on the superior side of the clavicle or on the anterior side of the midclavicle and then rotated to the superior side of the distal clavicle. Because of the relatively flat shape of the distal clavicle, we sometimes had to flatten the plate at the distal end. If the cancellous screw extruded far enough to potentially injure vessels or the pleura, the tip was cut (Fig. 1) . Immediate full range of motion of shoulder joint was allowed postoperatively. No support was used for 2 to 4 weeks postoperatively, except for arm slings for patient comfort. All patients were instructed to avoid vigorous exercise or heavy lifting with the injured limb for 6 weeks.
All patients returned to the clinic for radiographic and clinical evaluation, at least until union was achieved. Eightytwo patients had the implant removed at our hospital an average of 435 days later (372 days to 3.3 years), mostly (75 of 82) because they were uncomfortable with prominent hardware. Seven patients experienced some tissue irritation. In these 82 patients, the Disabilities of Arm, Shoulder and Hand (DASH) score was evaluated at the time of admission and at the end of follow-up by telephone. In the other 29 patients who did not received implant removal, radiological and clinical evaluation was done at the clinic; DASH score was assessed by telephone. The last DASH score was done by the first author (CHC). The radiological and clinical evaluation was evaluated by all the staff in the hospital.
RESULTS
All but 4 of the 111 fractures healed uneventfully within 6 months of surgery. No implant breakage was noted. No bone graft was needed, even when there was comminution over the fracture site. Neither pulmonary injury nor neurovascular impairment was noted postoperatively. Pain subsided rapidly within 1 week, and a sore sensation was experienced for about 1 to 2 weeks postoperatively. Of the 107 patients with uneventful union, 82 had hardware removal. The others were diagnosed as having union both radiographically and clinically, but with no hardware symptoms or need to remove the hardware. Radiographic union was defined as a bridging callus over the fracture, and clinical union is defined as painfree motion. Only seven of 82 patients felt mild irritation over the implant. In the 4 patients with failed treatment, 3 patients with implant failure due to ''screw pullout'' achieved union after surgical revision with wire augmentation or elongation of the plate with additional screws. Though there was no superficial infection, 1 patient had a deep Staphylococcus aureus infection, a poor result, and had nonunion at the end of the follow-up because he did not want to undergo fixation again. There were no other major complications. Nevertheless, all who experienced shoulder injuries were advised to avoid heavy lifting with the injured limb for 3 months. One refracture occurred across a screw hole after the implant was removed due to a traffic accident. The fracture united uneventfully after another episode of surgery using the same method. Patients were able to return to work and enjoy sports, including baseball, as they did before injury.
Clinically, 15 patients (14%) had occasional pain relating to changes in the weather or heavy loads. A total of 110 patients had less than 10-degree limitation in range of motion of the ipsilateral shoulder and elbow and had nearly the same shoulder strength in the contralateral shoulder, with no difficulty in heavy lifting. In these 110 patients, their daily life activities, including vigorous exercise, did not change after solid union of the fracture. The mean DASH score in these 110 patients was 10.3 (0 to 28.3).
Though the procedure left a scar, none of the patients had a further operation for cosmetic reasons. The total time off from work ranged from 1 week to over 3 months depending on the patient's type of job. Overall, 106 (95%) were satisfied with the operation.
DISCUSSION
Here we present the results of treating acutely displaced midclavicular fractures with a semitubular plate. To the best of our knowledge, this is the first such report.
Closed reduction is rarely successful for displaced or comminuted clavicle fractures. The deforming force exerted by the sternocleidomastoid muscle is too great to be overcome by the application of such supports as a figure-eight bandage. 13 High rates of nonunion in clavicle fractures treated nonoperatively have been reported, ranging from 4.6% to 15%. The rate increases when there is displacement with comminution, especially in the high-energy group. 3, 7, [9] [10] [11] 18, 19 Several methods for the fixation of displaced midclavicular fractures have been reported to have good results, including plates, 13, 15, 20 Knowles pin, 14 and cannulated screw. 12 Bostman et al reported 77% (79 of 103) uneventful recovery after plating, with an infection rate of 7.8%. Two patients who were managed with one third plates had plate breakage. There were 3 nonunions, 3 delayed unions. and 12 malunions. Severely comminuted fractures and alcohol intoxication on admission increased the complication risk. 20 Shen et al reported the results of 232 freshly and completely displaced midthird clavicle fractures plated with a Mizuho C-type plate or an AO/ASIF 3.5-mm reconstruction plate. 13 Though 7 patients (3%) developed nonunion, 94% were satisfied with the procedure. Chu et al reported a 99% union rate (77 of 78) by open reduction and internal fixation using 3.8 mm Knowles pins. 14 Chuang et al found that 97% of fractures (30 of 31) healed within 12 weeks after closed reduction and internal fixation using cannulated screws. 12 In our study, the overall rate of satisfactory results was 96% (106 of 111). Ninety-six percent of the midclavicular fractures (107 of 111) in our series healed uneventfully using a semitubular plate with wire augmentation when necessary. No implant breakage was noted when vigorous exercise and heavy lifting using the injured limb was prohibited for 6 weeks postoperatively. The advantages of the semitubular plate are its contour, a better purchase on bone by 4.5-mm cortical screws or 6.5-mm cancellous screws compared to 3.5-mm screws, and lower cost than the reconstruction plate. Drawbacks of the semitubular plate include the inability to fix clavicles with a diameter of less than 15 mm and the need to cut the tips off of the cancellous screws in some cases to avoid injury to vessels or pleura. Also, in some patients the implant is prominent, and this may require implant removal and further prohibition of vigorous exercise or heavy lifting with the injured limb for another 6 weeks after implant removal. If there is no fixation of 6 or more cortices on each side, wire augmentation should be applied to achieve adequate fixation. We agree that the 3.5-mm DCP is stronger than the semitubular plate, but 3.5-mm DCP is more difficult to bend than semitubular plate, which makes contouring more difficult. Compared with closed treatment of midclavicular fractures, pain relief is quicker and the nonunion rate is lower. 21 In Robinson's series of 1000 clavicular fractures, traffic accidents accounted for 27%. 8 Nordqvist and Peterson reported that 20 to 26% of 2035 clavicular fractures were caused by traffic accidents. 22 In our series, 93 (84%) of the midclavicular fractures were caused by road traffic accidents due to the common use of motorcycles and motor scooters in our country, which is a higher rate than previously reported series and a quite different mechanism of injury.
There are some limitations to our study. Firstly, this is a retrospective study, not a prospectively randomized study. Second, the muscle power of the shoulder joint was not assessed by isometric muscle testing on a machine, so we cannot determine the muscle power precisely. Third, no independent evaluators were used to assess any of the results.
On the basis of our experience, we suggest that the semitubular plate is a suitable tool for fixation of displaced or comminuted midclavicular fractures, with reliable results and a high satisfaction rate in patients having a clavicle more than 15 mm in diameter. We recommend obtaining a purchase of at lease 6 cortices on each side of the fracture; otherwise, augmentation wire is needed. Acute pain relief can be achieved within a few days postoperatively. However, many q 2008 Lippincott Williams & Wilkins
